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or the wall of the chamber of the apparatus, 
if this is made of an alloy resistant only to 
temperatures of 600 to 700° C., or to chemi 
cal effects which these temperatures develop. 
Under all circumstances, it is then neces 

sary, and such is the purpose of the present 
invention, to find a method of limiting the 
temperature, other than the known means of 
elimination of heat across the wall of the 
apparatus, or by interior circulation of 
refrigerating fluids. This method in general, involves pri 
marily, as soon as the reaction is started, 
to send a part regulated at will, of the 
????s to be treated directly over the cata yzer, without heating them previously by 
passage through an exchanger of tempera 
ture or in any other manner, and by mix 
ing them with a part of the gases which, 
introduced hot, circulate over the catalyzer. 
I utilize thus directly in the most efficient 
manner the peculiar capacity of heating of 
these gases for limiting the temperature of 
reaction. - 
This method could be applied in various 

ways, of which two are illustrated by way of example, in the accompanying drawing, in 
which - - 

Fig. 1 is a longitudinal section ?????? 
an apparatus adapted to the practice of the 
invention, and Fig. 2 is a similar view of a slightly dif 
ferent form of apparatus. o In the respective figures T or T is the 
catalytic chamber assumed to be of metal, 
avoiding the use on its interior of an in 
sulating lining. “A” or 'A' is the inlet 
for the gases to react, 'E' or “E” is the 
exchanger of temperature between the gas 
inlets and gas E. indicated by “Bor 
“B”, “C” or “C” is the catalyzer, “R” or “R” is the valve whereby I send, as 
soon as the reaction is started, a portion of 
the gas to be treated directly over the cata 
lyzer. The other portion is heated its b 
passage in the exchanger “E” or " to 

... the necessary temperature of reaction, and 

50 

then circulates in contact with the catalyzer 
and ???????????y;ü????? Following. Fig: 1, an example of the op 
eration consists in mixing with this frac 
tion also progressively and in contact with the catalyzing material itself, the remainder 
of the cold gas which enters through a 

65 series of passages 'o' and of regulatin 
valves r. Because of the cooling cause 
by the introduction of cold gases to the re 
action mass, and the ?????????????? of the speed of reaction initiated, at equal temperature, 
by the more and more elevated yield of m 
monia in the mixture, we understand that 
we have thus the possibility of regulati 
the temperature so that it does not ex 
at an 

. ing, carry with 

point, the value which we desire, 
650° C. for èifampi6.” This value will be 
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preferably lower, all things being equal, 
while the proportion of gases pass 
in the exchanger “E” is smaller, and this 
proportion may become only one-third of the 
total volume of the gaseous mixture, since 
the heat of reaction which could heat all of 
the ???? treated by more than 400° C. 
would be counterbalanced by the heating 
to 600 C., the temperature of reaction, of 
% of the gaseous mass not passing through 
the exchanger. 
Fig.2 shows another mode of operating, 

consisting in introducing at one time the 
portion of the cold gases to the catalyzing 
chamber, separated through a ??? of its 
length from the outer chamber “T” by a 
concentric shell "F.” This arrangement 
has, over the preceding, the advantage that 
the circulation of cold gas in the annular 
space formed between the shell and the 
chamber, acts as a protecting screen for the 
wall in the exact zone where the reaction 
would be most active following the fact that 
the yield of ammonia here is more remote 
from that of equilibrium. However, the in 
troduction of the cold gas in the annular 
space ought not to be carried on at the be 
ginning of the eatalyzing chamber, for, the reacting gases there having not yet a suf 
ficient temperature, the abundant flow of 
very cold ? in this zone could paralyze the 
reaction. The point of introduction of the 
cold gas ought then to be in the zone where 
the reaction of ??????? gases has already at tained a great activity, where the tempera 
ture is from 700 to 50° C., a temperature 
which the wall would not have to support 
because of the protecting effect of the cold 
gas previously referred to. This cold gas penetrates progressively in 
the catalyzing chamber because of the small 
orifices opierced through the shell “F, 
and in order that the greater part of the gas 
should not tend to pass only through the 
R orifices, the annular space could be ed with grains of a non-catalytic ma 

terial L of the size identical with that of 
the catalyzer to create a pressure drop iden 
tical throughout the device. The regulation 
of gwx the ??????? i cold gases and of hot gases is made by the ma 
nipulation of the valve “R” ?????†????? the 
indications of a thermocouple. . 

In the p ing examples the gases leav 
em a part of the heat of 

reaction, namely, all that which is not dis 
sipated from the exterior surface of the cata 
lyzing ??? *??????? not hav ing to support an erence of pressure, 
the high tem e does not effect it. The 
heat of the gas leaving could eventually be 
duction of power, before thé extraction of 
the ammonia which the gas contains If, contrary to the representations in the 

1. 

utilized externally, for example in the pro 
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drawing, the chamber is of metal necessi 
tating protection by a thermic, and chemi cally insulating bed, it is naturally necessary 
?? P a circulation óf heat sufficiently 

5 active through the wall to ensure, across the insulating bed, a fall of tem 
cient to permit it to act as a thermic screen. 
It will be necessary then to maintain in this 
case a certain cooling of the exterior surface 

10 of the catalyzing apparatus, and to decrease 
consequently the quantity of cold gas de 
livered by the valve “R”or “R”. 
In starting the apparatus described herein 

before, I may heat electrically the interior of 
ls the apparatus by means such as have been 

E. in other patents, notably in the first of the patents eferred to above. 
... I may also, following Figs. 1 and 2, in 
troduce by ??8? or 'g, a current of hy 
drogen or of nitrogen at a low pressure 
heated ? its passage across an iron coil 
“K” or K' is itself heated in any 
suitable manner. The gas introduced by the 
valve 'D' or 'D'' and escaping by the 
orifice B or B gives up its heat to the cata 
lyzer and to the apparatus, and when the 
esired temperature is attained at the end of the catalyzing chamber, we stop, by closin 

the valve “D' or 'D', the circulation o 
the heating gas, and send the total quantit 
of hyper-compressed reacting gases throug 
the exchanger. The reaction is thus initiated 
with at activity. I introduce thea 
through the valve “R” or “R” a progres 
sively increasing, part of the hyper-com 
pressed gas until the normal operation is 
established. - 

It is evident that the present invention 
could be applied to the case in which the 
synthesis of ammonia is carried out under 
pressures and in which by reason of the 
activity of the catalyzing material there is 

- avery considerable release of heat per unit 
of volume of the apparatus. -- 

I claim: . • 

1. A process of producing ammonia by 
synthesis from a gaseous mixture of nitro 
S. and hydrogen under high pressure in 
epresence of a catalyst, which comprises - cooling and thereby maintaining the pres 

sure-sustaining wall of the reaction chamber 
below the temperature of the reaction by 
contact of the us mixture therewith be 
fore the gaseous mixture reaches the catalyst. 

2. A process of producing ammonia by 
synthesis from a gaseous mixture of nitro 
en and hydrogen under high pressure in 
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the presence of a catalyst, which comprises cooling and thereby maintaining the pres 
sure-sustaining wall of the reaction chamber 
below the temperature of the reaction b 
contact of the gaseous mixture therewit 
and directing the gaseous mixture thus heat ed upon the catalyst. 

65 3. A process of producing ammonia by 

rature sufi 

synthesis from a gaseous mixture of nitrogen 
and hydrogen, underpressure in the pres ence of a catalyst which comprises cooling 
the pressure-sustaihing wall of the reaction 
chamber below the temperature of the re- 70 
action by contaet of the gaseous mixture 
therewith and directing the gaseous mixture. 
thus heated upon the catalyst at successive zones thereof. . 

4. A process of producing ammonia by 
synthesis from a us mixture of nitro 
gen and hydrogen in the presence of a cat 
alyst, which comprises cooling the pressure 
sustaining wall of the reaction chamber be. 
low the temperature of the reaction by con- 8o 
tact of a portion of the gaseous mixture . 

s 

therewith, heating the balance of the gas 
eous mixture by heat exchange with the 
products of the reaction and combining the 
two portions in contact with the catalyst. . . 

5. A process of producing ammonia by 
synthesis from a gaseous mixture of nitro 
gen and hydrogen in the presence of a cat 
alyst, which comprises cooling the pressure 
sustaining wall of the reaction chamber be 
low the temperature of the reaction by con tact of a portion of the gaseous mixture 
there with, ??????? the bälance of the gase 
ous mixture by heat exchange with the prod 
ucts of the reaction and adding the first 
mentioned portion to the balance of the 
gaseous mixture at successive zones of the catalyst. 

6. A process of producing ammonia by 
synthesis from a gaseous' mixture of nitro- 100 
gen and hydrogen under pressure in the 
presence of a catalyst, which comprises mix 
ing separate portions of the gaseous mixture 
at different temperatures in contact with the catalyst and during the reaction. 

7. A process of producing ammonia by 
synthesis from a gaseous mixture of nitro gen and hydrogen under pressure in the 
resence of a catalyst, which comprises mix ng separate portions of the gaseous mix-110 

ture at different temperatures in contact with 
the catalyst and during the reaction, the 
colder portion being added at successive 
stages of the reaction. 

8. A process of producing ammonia by 116 
direct ???: of its elements under pres 
sure, which comprises ?????? part of the gases to react, causing this part to 
combine in the presence of a catalyst while 
adding to the part in course of reaction 120 
successive portions of the balance of the 
gases to react. /* 

9. A process of producing ammonia by 
direct ¥: of its elements under pres sure, which comprises introducing a frac- 126 
tion of the gases to react after preheating to 
a reaction chamber, and sending successive not previously preheated portions of the 
balance of the gases to react to successive 
zones of the chamber. 
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10. A process of producing ammonia by 

direct synthesis of its elements under pres 
sure, which comprises introducing a frac 
tion of the gases to react after preheating 
to a catalyst in a reaction chamber, circulat 
ing inside the chamber around the catalyz 
ing material the balance of the mixture and 
then sending it into contact with the catalyz 
ing material. 

11. A process of producing, ammonia by 
direct synthesis of its elements under pres 
sure, which comprises introducing a frac 
tion of the gases to react after preheating 
to a catalyst in a reaction chamber, circulat 
ing inside the chamber around the catalyz 
ing material the balance of the mixture and 
then progressively distributing it to the 
catalyst in the chamber. 

12. A process of producing ammonia by 
Synthesis of its elements under pressure in 
the presence of a catalytic body, which com 
prises passing incoming gases in heat-ex 
change contiguity to the hot gases of the 
reaction, and then heating the gases to sub stantially the temperature necessary for re 
action by passing the preheated gases 
through and in unrestricted thermal con 

O 

SO 
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tact with the catalytic body, and thence into 
direct contact with the said catalytic body. 

13. A process of producing ammonia by 
synthesis of its elements under pressure 
in the presence of a catalytic body, which 
comprises passing the incoming gases in 
heat-exchange contiguity to the hot gases 
of the reaction, then passing the preheated 
gases through a conduit positioned within 
the catalytic body and thence into contact 
with said catalytic body, and passing an 
other portion of the incoming gases between 
the interior wall of the pressure-sustaining. 
tube and the catalytic body, and then pass 
ing said portion into the catalytic y. 

14. A process of producing ammonia by 
???isi of its elements under pressure in the presence of a catalytic body, which com 
?????? preheating incoming gases by the 
eat evolved from the reaction and finally heating the gases to substantially the tem 

perature necessary for reaction by passing 
them through and in unrestricted therma 
contact with the interior of the catalytic 
? before actual contact with the catalytic 
? A process of producing ammonia by 

synthesis of its elements under pressure in the presence of a catalytic body, which com 
prises cooling, and thereby maintaining the 
pressure-sustaining wall of the reaction 
chamber below the temperature of reaction 
by contact of the said elements therewith, 
and thereafter permitting said elements to 
absorb additional heat from the catalyst. 

16. A process of producing ammonia by 
synthesis from a gaseous mixture of its 
elements under pressure in the presence of 

tact of a 
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a catalytic body, which comprises cooling 
the pressure-sustaining wall of the reaction 
chamber by means of a gaseous stream con- . 
tacting with the inner surface of the pres 
sure-sustaining wall and heating the gaseous 
mixture prior to reaction by passage through 
the interior of the catalytic body before 
actual contact therewith. 

17. A process of producing ammonia by W 
synthesis from a gaseous mixture of its ele 
ments under high pressure in the presence 
of a catalytic body, which comprises cooling 
below the temperature of the reaction the 
pressure-sustaining wall of the reaction 
chamber adjacent the catalytic body, by 
eontact of the gases therewith, and there 
after permitting the gases to absorb addi 
tional heat from the catalyst. 18. A process' of producing ammonia by 
synthesis from a gaseous mixture of its ele 
ments ????????????? pressure in the presence of 

Y, a catalytic 
the m 

wall of the reaction chamber that would be 
subject to the greatest heat of the reaction 

which comprises cooling 

below the temperature of the reaction, by 
contact with the incoming 
and thereafter permittin 
ture to absorb additional 
yst. 

19. A process of producing ammonia by 
synthesis from a gaseous mixture of its ele 
ments under high pressure in the presence 
of a catalytic body, which comprises pro 
tecting the pressure-sustaining wall of the 
reaction chamber from the temperature of 

ous mixture, 
the gaseous mix 
eat from the cata 

s 

rtions of the high pressure-sustaining 

00) 

the reaction at a zone where the reaction is 
most active, by interposing the incoming 
gases on their way to the reaction between 
the pressure-sustaining wall and the cata 
lytic body and thereafter permitting the 
gases to absorb additional heat from the catalyst. 

29. A process of producing ammonia by 
synthesis from a gaseous mixture of nitro 
gen and hydrogen in the presence of a cata 
lyst, which comprises cooling the pressure 
sustaining wall of the reaction chamber be 
low the temperature of the reaction by con 

portion of the gaseous mixture 
therewith and heating the balance of the 
gaseous mixture by heat exchange with the 
products of the reaction. 

21. A process of producin ammonia by 
synthesis of its elements under pressure in 
the presence of a catalytic body, which com 
prises passing the ??????? gases in heat 

O exchange contiguity to the hot gases of the 
reaction, then passing the preheated gases 
through a conduit positioned within the 
catalytic body and thence into contact with 
the catalytic body and ??????"?? the wall of the pressure-sustaining tube by a gaseous 
stream contacting with the inner surface 
thereof. 
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22. A process of producing ammonia by 
synthesis of its elements under pressure in 
the presence of a catalytic body, which com 
prises passing the incoming gases in heat 
exchange contiguity to the hot gases of the 
reaction, then passing the preheated gases 
through a conduit positioned within the 
catalytic body and thence into contact with 
the catalytic body, passing another portion 
of the incoming gases in contact with the 
interior wall of the pressure-sustaining tube 
and then passing said portion into the cata 
lytic body. 

23. A process of producing ammonia by 

synthesis of its elements under pressure in 
the presence of a catalytic body, which com 
prises passing the incoming gases in heat ex 
change contiguity to the hot gases of the 
reaction, then passing the preheated gases 
through a conduit positioned within the 
catalytic body and thence into contact with 
said catalytic body, and passing another 
portion of the incoming gases in contact 
with the interior wall of the pressure 
sustaining tube. 
In testimony whereof I affix my signature. 

GEORGES CLAUDE. 
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22. A process of producing ammonia by 
Synthesis of its elements under pressure in the presence of a catalytic body, which com prises passing the incoming gases in heat 
exchange contiguity to the hot gases of the 
reaction, then passing the preheated gases through a conduit positioned within the 
catalytic body and thence into contact with 
the catalytic body, passing another portion 
of the incoming gases in contact with the 
interior wall of the pressure-sustaining tube and then passing said portion into the cata 
lytic body. 

28. A process of producing ammonia by 

Synthesis of its elements under pressure in 
the presence of a catalytic body, which com 
Prises passing the incoming gases inheat ex 
change contiguity to the hot gases of the 
Teaction, then passing the preheated gases through a conduit positioned within the 
catalytic body and thence into contact with 
said catalytic body, and passing another portion of the incoming gases in contact 
with the interior wall of the pressure. 
sustaining tube. 
In testimony whereof I affix my signature. 

GEORGES CLAUDE. 
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by the assignee, E. I. Du Pont De Nemours dº Company. 

Hereby enters the following disclaimer: 
It disclaims claims 12 and 14, reading: d s {{??; process of producin ?????????????? by synthesis of its elements under pressure 

in the presence of a catalytic body, which comprises passing incoming gases in heat 
exchange contiguity to the hot gases of the reaction, and then heating the gases to substantially the temperature necessary for reaction by passing the preheated gases 
through and in unrestricted ???????! ???;t with the catalytic ?ody and thence into 
irect contact with the said catalytic body. di;?; A process of producing ????' by synthesis of its elements under pressure 

in the presence of a catalytic body, which comprises preheating incoming gases by the 
heat evolved from the reaction and finally heating the gases to substantially, the tem perature necessary for reaction by passing them through and in unrestricted thermal 
contact with the interior of the catalytic body before actual contact with the catalytic 
body.' 
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